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© Tire tread with multiple pitch sequence optimization. 

© A tire tread (15) has a plurality of base pitches (20A-20M.51 A-51 0) arranged in at least two circumferential 
sections (50,52) around the tire. The base pitches have at least two different pitch lengths and include a plurality 
of load-supporting tread blocks. The different pitch lengths of the base pitches form a pitch sequence in each 
circumferential section of the tire. The pitch sequences in the sections are arranged such that the harmonics 
produced by the base pitches in one circumferential section substantially cancel the harmonics produced by the 
base pitches in at least one other circumferential section to reduce the noise produced by the tire when the tire 
is in use. 
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The present invention relates generally to tire treads, and more particularly to a method for reducing the 
noise produced by tire treads on a road surface by selectively arranging the pitch sequence in one 
circumferential section of the tire tread relative to the pitch sequence in at least one other circumferential 
section. 

A tire for a vehicle typically includes a tire carcass, breaker belt and tire tread. For example the tire 
carcass for a radial tire includes radial plies extending from bead to bead and embedded in rubber The 
rad.al pl.es generally include at least two layers, wherein each layer has a series of reinforcing cords which 
extend substantially perpendicular to the circumferential direction of the tire. Further, the belt plies for the 
radial tire are positioned between the carcass and the tire tread, and also generally include at least two 
layers having reinforcing cords. 

The tire tread extends around the outer circumference of the tire and is designed to contact the road 
surface. The tire tread has a pattern which is segmented into a plurality of raised, load-supporting blocks 
separated by intersecting circumferential and transverse grooves and/or sipes. The blocks determine the 
control, acceleration and braking characteristics of the tire, while the grooves and/or sipes are necessary to 
provide flexibility and water removal. 

The tread blocks for the tire are typically arranged in "base pitches", wherein each base pitch includes 
a predetermined geometry of whole and/or partial tread blocks. Each base pitch may vary in width across 
the tire. For example, each base pitch can extend transversely from the shoulder to the center line of the 
tire on each circumferential section or "mold half" of the tire. Alternatively, each base pitch can extend 
transversely over only a single circumferential section of the tire, for example over a single rib or 
combination of ribs. In any case, the base pitches are repeated around the circumference of the tire to form 
the complete tire tread. 

The constant contact of the tire tread on the road surface can in some instances produce unwanted 
noise. In particular, as the tire contacts the road surface, the individual tread blocks cause air disturbances 
upon impact with the road, creating a spectrum of audio frequencies broadly referred to as "tire noise" Tire 
no.se is generated at least in part by: (1) the impact of the tread block on the road surface; (2) the vibration 
of the tire carcass; and (3) the "air pumping" which occurs as the tread blocks become compressed and 
expand into the grooves separating adjacent blocks. The fundamental frequency of the noise is a function of 
the number of tread blocks around the circumference of the tire and the rotational speed of the tire. 

Techniques have been developed to distribute the noise frequency produced by the tire tread over a 
wide frequency band to approach what is termed "white noise". For example, one known technique for 
reducing tread noise is to use base pitches having different pitch lengths, wherein the "pitch length" is a 
measure of the length from the leading edge of one base pitch to the leading edge of the next adjacent 
representative base pitch in the circumferential direction of the tire. A plurality of base pitches having 
different pitch lengths is conventionally referred to as a "pitch sequence". Other techniques use only 
random or sinusoidal sequencing of the pitches in an attempt to modulate the objectionable noise producinq 
frequencies. 

For example, Vorih, U.S. Patent No. 3,926,238, discloses a technique for modulating noise produced by 
rotating load cairying elements by providing discrete pitch lengths in which the ratio of pitch lengths falls 
wrth.n the open intervals defined by the boundary nodal points (N-1)/N:1.0, (N being an integer selected 
from 2, 3, 4, 5 or 6), and excluding the ratios defined by the boundary nodal points. Further modulation is 
obtained by sequencing the individual pitches in such a manner that the sequence is characterized by a 
plurality of strings of the load carrying elements, each string consisting of at least three consecutive load 
carrying elements of substantially identical pitch length. The length and sequential positioning of the strings 
are selected to modulate the block frequency harmonic which is produced upon rotation of the tire. 

The above techniques, however, are primarily designed to reduce noise in tires by varying the pitch 
length of the tread blocks around the circumference of the tire to spread the noise over a broad frequency 
band. The techniques are not directed toward reducing tire noise by selectively arranging the pitch 
sequence in one circumferential section of the tire relative to the pitch sequence in at least one other 
circumferential section. 

One technique for reducing tire noise in tires by selectively arranging groups of pitch sequences in 
circumferential sections is shown in Uppmann et al, U.S. Patent No. 2,878,852. Lippmann discloses a tire 
tread having male and female mold halves, wherein each -mold -half has a pitch sequence comprising 
individual "design units" i.e.. a preselected number of tread blocks, extending around the circumference of 
the bre. The circumferential length of the repeating design units of the tread pattern are selected to be 
mirror images of themselves or of other groups of design units in each respective mold half The pitch 
sequence in the male mold half, however, is identical to the pitch sequence in the female mold half 
Accordingly, the Lippmann technique is not directed toward situations where the pitch sequence in one 
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circumferential section (or mold half) is different then the pitch sequence in another circumferential section 
(or mold half). Moreover, the Lippmann technique does not selectively arrange the pitch sequence in each 
mold half relative to each other to reduce tire noise. 

Accordingly, although the above-identified references disclose certain techniques for reducing tire 
5 noise, there is a constant demand in the industry for improved techniques which further reduce the tire 
noise, and in particular, for techniques which reduce the tire noise in tires having pitch sequences arranged 
in at least two circumferential sections, regardless of the pitch sequences employed. 

The present invention provides a new and useful method for reducing tire noise in tire treads, and in 
particular for reducing the tire noise in tire treads having pitch sequences arranged in at least two 
10 circumferential sections by selectively arranging the pitch sequences in one circumferential section relative 
to the pitch sequences in at least one other circumferential section. 

According to one form of the present invention, the tire tread includes a plurality of base pitches 
arranged in two circumferential sections or mold halves around the circumference of the tire. Each base 
pitch includes a pre-selected arrangement of load-supporting tread blocks separated by circumferential and 
75 transverse grooves and/or sipes. The base pitches have at least two different pitch lengths. The pitch 
lengths form a pitch sequence in each circumferential section around the tire. 

The tire noise from the tire tread is reduced by arranging the pitch sequence in one circumferential 
section relative to the pitch sequence in the other circumferential section according to the following 
technique: 
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Circ. 

Ydiff = I ABS [YA-YB] 
x=o 



Where: 

x = Distance around tire circumference stepped in preselected increments 

Circ. = Tire circumference 
ABS = Absolute Value 
30 YA = Pitch length for pitch sequence A at a given x value 
YB = Pitch length for pitch sequence B at a given x value 

Ydiff = Total difference between height of individual pitch sequence rectangle functions 
Where: Higher Ydiff indicates better match 
The match between the treatments is incremented by a value and the maximum Ydiff is stored, along with 
35 the match point it occurred at. 



Example: 


Treatment A: 


12313 


Treatment B: 


32311 


Pitch Lengths 


1= .8 

2 = 1.0 

3 = 1.2 


Pitch Lengths: 


1= .8 
2=1.0 
3 = 1.2 


Where: 


•x increment will be 2 n 


•Match point will be 3.4" 



Arranging the pitch sequences in each circumferential section according to the above technique 
provides that the harmonics generated by the base pitches in one circumferential section substantially 
cancel the harmonics generated by the base pitches in the other circumferential section. Moreover, 
selectively arranging the pitch sequences according to the above technique provides a tire tread having 
reduced tire noise. 

According to an additional form of the invention, the above technique can also be used with tire treads 
having a plurality of base pitches arranged in three or more circumferential sections about the circum- 
ference of the tire. In this case, the pitch sequences in at least two of the circumferential sections which 
have the largest length of summation are arranged relative to each other using the above technique to 
provide a tire tread having reduced tire noise. 

Accordingly, it is the basic aim of this invention to provide a technique for reducing tire noise. 

It is a more specific aim of this invention as disclosed and illustrated to provide a tire tread having two 
circumferential sections or mold halves wherein the base pitches on the tread are arranged such that the 
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gyrated TvT^l 2h5T- T"!! °"? circumferential section Manually cancel the harmonics 
generated by the base pitches in the other circumferential section, regardless of the pitch seauences 
employed on each circumferential section. P sec » uences 

5 the 'nitrh 3 ^! 16 ' ^ *°. 3 Ure tread havi " 9 three or more circumferential sections, wherein 

s the prtch sequences are selectively arranged relative to each other in at least two of the circumferential 
sections to reduce the noise of the tire on the road surface. circumferential 

descltion e anH n l a i Vanta9eS * Pr95ent inV6nti ° n b6C0me apparent from the f °»°"ing detailed 
description and the accompanying drawings, in which:- 

Fig. 1 is a perspective view of a tire having a tread made in accordance with the present invention- 
P^entVveSo^d ^ *" " & " P ~ m * 3 - ~ — * «~— ^ - 
trlaLtt a"^ 8 ^ il,UStrati ° nS " the ^ *" d ^ — 

' s DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings, and initially to Fig. 1, a tire, indicated generally at 10, preferably includes a 
alnd a 'n'" r er ?' y 31 15 ' eXtendin9 circum,e -«a.ly around'the tire" The tireTa^ ed o^ot te 

around an ax.s R. According to the preferred form of the invention, the tire is preferably a ra*J tire 

any type of tire having a tread. In any case, the techniques for manufacturing and tormina the tire am 
known to those skilled in the tire art and will not be discussed further 9 

20A-20M 7"^ hL 2 ' Tr*. 15 2 *? tire inC ' UdeS 3 PlUr3,ity °' b3Se pitCheS ' f0r exam P |e ba *° Phones 
20A-20M. Each base pitch preferably includes a predetermined geometry of whole and partial load 

9 IT ? ,0C ;i F ° r eX3mp,e - b3S9 Pitch 20F includes *■* bto£ 40A and i B and a leas 
partially includes tread blocks 40C-40E. The tread blocks are separated by circumferenti* anoTansveTse 

:r s rrh y 0 ~ se 9roove 46 The transverse 9 ™ es « - 3 ^ 

30 - Tbe t w,dth °< the base pitches 20A-20M may also vary across the tire. The base pitches oreferablv 
extend transversely from the shoulder 48 to the center line 49 of the tire JmZZ^m^ESa 
pnev^usly each base pitch could also extend transversely across only a portion of fre tire. Tor exSSe 
across a sing e crcumferential section (or rib) of the tire. In any case, each base pitch 20A-20M Ss a 

or forming the base pitches on the tire tread are known to those skilled in the tire art usfng conventiona?^ 
forming techniques, and will not be discussed further. conventional tire 

According to the present invention, the base pitches on the tire tread are preferably arranqed on two 
moTS* h Ti° nS °* ^ h3,VeS "- F ° r eX3mp,e ' the base P' tehes «=an be JangSon l S 

base 55, s 5^51^1 ^ ^T*" 9 **" ^ 48 t0 the * d *<™ 

base pitches, 51A-510 can be arranged on a second mold half, indicated generally at 52 extendino from 

be s ^l°r 53 10 C9nter ' ine 49 - The m ° ,d ha,ves 9xtend circumfeLal. y y around SESfZ 

Zr£TJZ:Z??* e \Z V 3 CirC r ,9r9ntial 9r ° 0Ve ° r 3 S0,id Center rib - For e ^P'e. the firs mow 
half 50 can be separated from the second mold half 52 by a circumferential groove 54 

th. n^™,??' b3Se Pit ° heS ' 0Cat9d around circumference of the tire in each mold half determines 
Ironn^th! 7 ' " 9X3mP ' 9, ™ PitCh Wre has 88 base P^hes in each mold ha7sTed 

The length "D" of the base pitches in the circumferential direction of the tire in each mold half is 
typ.cally varied to at least partially reduce the noise of the tire on the road (I e to spread thrharmolics 

of tt,e base pitches can be varied using any known technique, including, for example, random or 2SSt 
JSTS eX , arnP ' 9, U iS kn ° Wn t0 USe Sequ6nCeS ° f base P itohes havi "9 UP to eight dii~ h 
1^°^^ t0 U " °" ,y " 0 °< — — Piteh **. I-* ~ 
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A particularly useful pitch sequence for a tire tread having e.g., three pitch lengths (i.e., 1, 2, 3) is 
represented by the relative circumferential distances: 

31 1 2333321 1 1 31 221 1 33321 2331 1 1 231 21 1 1 231 1 322333231 1 321 31 2221 3331 23 (hereinafter "Pitch Se- 
quence P). Another particularly useful pitch sequence is represented by: 

5 112313112233211321131123212313133233233311332331113133233113213133111212122 (hereinafter 
Pitch Sequence IP). It will be understood by those skilled in the art that the above numbers represent the 
relative circumferential length of successive base pitches expressed in any desired measuring unit, such as 
tenths of an inch, millimeters, etc., and that the pitches are repeated as many times as necessary to 
completely encircle the tire tread. 

io For example, the following ratios of pitch lengths can be used for Pitch Sequence I and labeled as 
follows: 1:. 1.000; 2:1.298; and 3:1.623; while the following ratios of pitch lengths can be used for Pitch 
Sequence II and labeled as follows: 1:1.000; 2:1.250; 3:1.500. However, these sequences are only 
exemplary in nature, and this invention is not intended to be limited to any particular pitch sequence; rather 
this invention is appropriate for any pitch sequence which can be incorporated into a tire tread. 

75 In any case, the pitch sequences such as those described above can be placed in each mold half 
around the circumference of the tire. For example, Pitch Sequence I can be placed on the first mold half 50 
to completely encircle the tire, while Pitch Sequence II can be placed on the second mold half 52, or vice- 
versa. However, it is also within the scope of this invention to place the same pitch sequence on both mold 
halves of the tire. 

20 According to the preferred form of the invention, the pitch sequences in each mold half are arranged 
relative to each other in accordance with the following technique: 







Circ. 


25 




Ydiff = L ABS [YA-YB] 








Where: 






x = 


Distance around tire circumference stepped in preselected increments, such as .0005" 


30 


Circ. = 


Tire circumference 




ABS = 


Absolute Value 




YA = 


Pitch length for pitch sequence A at a given x value 




YB = 


Pitch length for pitch sequence B at a given x value 




Ydiff = 


Total difference between height of individual pitch sequence rectangle functions 


35 




Where: Higher Ydiff indicates better match 



The match between the treatments is incremented by a value, such as .3", and the maximum Ydiff is 
stored, along with the match point it occurred at. 



Example: 


Treatment A: 


12313 


Treatment B: 


32311 


Pitch Lengths 


1 = .8 

2 = 1.0 

3 = 1.2 


Pitch Lengths: 


1= .8 
2 = 1.0 
3=1.2 


Where: 


*x increment will be 2 n 


•Match point will be 3.4" 



The program inputs for the technique include: (1) the tire circumference; (2) the number of pitch 
sequences to match; (3) the matching increment (rotational step between treatments); (4) the number of 
units (the number of different pitch sizes); (5) the number of pitches (total number of pitches used); (6) the 
unit ratios; and (7) the pitch sequence. The algorithm provides as outputs: (1) the match number for 
treatments; (2) the total length of best match rectangle function; (3) the rotation for best match; (4) the total, 
length of worst match rectangle function; and (5) the rotation for worst match. 

Figs. 3A and 3B schematically illustrate the rectangle function of a proper noise treatment for a tire 
using the above technique (Fig. 3A), and the rectangle function for an improper noise treatment for a tire 
(Fig. 3B). The "rectangle function" is a representation of the variation of pitch length for each mold half 
around the circumference of the tire. The figures illustrate a first pitch sequence (i.e., 112311) in mold half I 
matched against a second pitch sequence (i.e., 32311) in mold half II. The length "L" of the rectangle 
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Claims 



3. A to as in claim 2. therein „*„ o. said base ptm. Moa9s „ leasl ooe BM suppM „ 9 ^ 
grooves and/or sipes. h«cu»u oy circumterential grooves and transverse 
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6. A tire as in claim 5, wherein said three different pitch lengths of said pitch sequences are in the ratio of 
approximately 1:1.000, 2:1.298, and 3:1.623. 

7. A tire as in claim 4, wherein at least one of said pitch sequences is: 112313112233211321131123212 
5 31 31 3323323331 1 332331 1131 332331 1 321 31 331 1 1 21 21 22. 

8. A tire as in claim 7, wherein said three different pitch lengths of said pitch sequences are in the ratio of 
approximately 1:1.000, 2:1.250 and 3:1.500. 

io 9. A tire as in claim 4, wherein said base pitches are arranged in two separate mold halves around the 
circumference of the tire. 

10. A tire as in claim 4, wherein said base pitches are arranged in three separate circumferential sections 
around the circumference of the tire, the base pitches in each of said three circumferential sections 

75 having at least two different pitch lengths which form said preselected pitch sequences about the 
circumference of the tire. 

11. A tire as in claim 10, wherein each of said pitch sequences has at least three different pitch lengths 
which form said preselected pitch sequences about the circumference of the tire. 

20 

12. A tire as in claim 11, wherein at least one of said pitch sequences is: 
31 1 2333321 1 1 31 221 1 33321 2331 1 1 231 21 1 1 231 1 322333231 1 321 3 1 2221 3331 23. 

13. A tire as in claim 12, wherein said three different pitch lengths of said pitch sequences are in the ratio 
25 of approximately 1 :1 .000, 2:1 .298, and 3:1 .623. 

14. A tire as in claim 11, wherein at least one of said pitch sequences is: 
1 1 231 31 1 223321 1 321 1 31 1 2321 231 31 3323323331 1 332331 1 1 31 332331 1 321 31 331 1 1 21 21 22. 

30 15. A tire as in claim 14, wherein said three different pitch length of said pitch sequences are in the ratio of 
approximately 1:1.000, 2:1.250 and 3:1.500. 

16. A tire as in claim 11, wherein the preselected pitch sequence in one circumferential section is different 
than the preselected pitch sequence in at least one other circumferential section. 

35 

17. A method for reducing tire noise of a tire tread, comprising the steps of: 

arranging a plurality of base pitches in at least two separate circumferential sections about the 
circumference of the tire, 

providing at least two pitch lengths in said base pitches, said pitch lengths forming a preselected 
40 pitch sequence in each section about the circumference of the tire, 

arranging the pitch sequence in each circumferential section according to the following technique: 

Circ. 

45 Ydiff = T ABS [YA-YB] 

x=o 





Where: 






x = 


Distance around tire circumference stepped in preselected increments 


50 


Circ. = 


Tire circumference 




ABS = 


Absolute Value 




YA = 


Pitch length for pitch sequence A at a given x value 




YB = 


Pitch length for pitch sequence B at a given x value 




Ydiff = 


Total difference between height of individual pitch sequence rectangle functions 


55 




Where: Higher Ydiff indicates better match. 



18. A method for reducing tire noise as in claim 17, further including the step of providing at least one load 
supporting block in each of said base pitches. 
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21 ISIS " ln c,aim * - «*» — ~ * ^ ,„ 

21 A method lor redoeing tire note of a lire , read , competing o» steps of 

d«S«tt 01 ^ P " CteS " "« secoone ^ „ 

Circ. 

Ydiff £ [YA _ YB] 

Where: 

ABS = Absolute Value 

Pitch length for pitch sequence A at a given x value 
Pitch length for pitch sequence B at a given x value 

mm ^vSte? h t ei9h K ° f individuai pitch sequence recta "9 |e 

wnere. Higher Ydiff indicates better match 



YA 
YB = 
Ydiff 



and, 



mJ^^SS^T^ in the -tions v*h the largest length of summation 

23. A tire having a reduced tire noise, comprising: 



Where: 



Circ. 

Ydiff « 2 ABS [ YA-YB ] 



ABS = Absolute Value 

YA = Pitch length for pitch sequence A at a given x value 

YB - ntch length for pitch sequence B at a given x value 

** • rj^vSnrsrr r —» 
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FIG.1 
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FIG.2 
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